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The increasing demand for the high-resolution imaging of deep lithosphere structures 12 requires the utilization of a teleseismic dataset for waveform inversion. The construction of an 13 efficient algorithm for the teleseismic wavefield modeling is valuable for the calculation of 14 misfit kernels or Fréchet derivatives when the teleseismic waveform is used for adjoint 15 tomography. Here, we introduce an element-by-element parallel spectral-element method 16 (EBE-SEM) for the efficient modeling of teleseismic wavefield propagation in a localized 17 geology model. Under the assumption of the plane wave, the frequency-wavenumber (FK) 18 technique is implemented to compute the boundary wavefield used for constructing the heterogeneity (Chen et al., 2015) . Indeed, the seismic wave-equation-based adjoint waveform 43 tomography, which has a greater resolution than the ray-based traveltime tomography for the 44 same dense seismic ray coverage (Liu and Gu, 2012) , is able to image the small-scale (half of full-wavefield simulations are required (Tape et al., 2007 (Tape et al., , 2009 ). 51 Because most earthquakes occur in the crust and seismic rays cannot easily illuminate the 52 deep lithosphere in local region seismic tomography, it can be difficult to image the deep 53 lithosphere structures (Tong et al., 2014b ). Increasing the model size enables more deep 54 reflections and refractions to be included in the inversion dataset; as a result, deep structures 55 can be inversed by fitting these reflected and refracted waveforms (Chen et al., 2015) . 56 However, for continental-scale models, it is difficult to invert short-period seismic data on a 57 standard computing cluster, such as 1-2 s for P waves and 3-6 s for S waves (Tong et al., 58 2015). layered Earth model is similar to that in receiver function analysis and is often effective for a 67 station that is sufficiently far from the source (Langston, 1977; Rondenay, 2009 simply use the second-order central difference method (Dablain, 1986) for the time evolution. 
EBE-SEM for PML formula
174
In our previous work, a second-order PML absorbing boundary condition (PML ABC) are 175 formulated by the mixed-grid finite-element method (Liu et al., 2014 The seminal work for introducing EBE-SEM was that of Seriani (1997) . In the 2-D case, .
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Incident boundary conditions
263
We assume the infinite space is composed of the hexahedron set , , . more than once. However, the number of operations EBE-SEM is increased by only 8.5%.
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This increased compuational amount may be compensated for the great load balance of 336 EBE-SEM in parallel computing, as will be discussed in the numerical examples.
337
The memory requirements of EBE-SEM and the conventional SEM for teleseismic wave 338 modeling are presented in Table 1 . A total of 13.64 GB is required to store the boundary is not large compared with the neighboring CPU times. 
where NT is the total time step. Eq. (41) shows that element stiffness matrices are used for 420 the construction of the misfit kernel. 
